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Abstract
We investigate interacting ghost dark energy models in higher dimensional cosmol-
ogy. We attempt to model dark matter within a barotropic fluid with Pb = ω(t)bρ.
In this work we consider four different models based on choosing equation of state
parameter and interaction term. We confirm that our models agree with observational
data.
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1 Introduction
In modern cosmology it is observed, by using high redshift type Ia supernovae [1-3], that the
Universe expand with acceleration. Then, several observations show that the density of mat-
ter is very much less than critical density [4], observations of Cosmic Microwave Background
(CMB) anisotropy indicate that the Universe is flat and the total energy density is very
close to the critical Ωtot ≃ 1 [5]. Faced with these results we started to find realistic models
to explain experimental data concerning to the nature of the accelerated expansion of the
Universe and a huge number of hypothesis were proposed. For instance, in general relativity
framework, the desirable result could be achieved by so-called dark energy, with negative
pressure and negative EoS parameter (ω < 0). The simplest model for a dark energy is a
∗Email: pouriya@ipm.ir
†Email: khurshudyan@yandex.ru
‡Email: h.farahani@umz.ac.ir
1
cosmological constant introduced by Einstein. This model has fine-tuning and coincidence
problems. Absence of a fundamental mechanism which sets the cosmological constant zero
or very small value makes researchers to go deeper and deeper in theories to understand
the solution of these problems. In order to alleviate these problems alternative models of
dark energy suggest a dynamical form of dark energy, which at least in an effective level,
can originate from a variable cosmological constant [6, 7], or from various fields, such as a
quintessence [8-10], a phantom field [11-15], or the combination of quintessence and phantom
in a unified model named quintom [16-20]. By using some basic of quantum gravitational
principles one can formulate several other models for dark energy, and in literature they are
known as holographic dark energy models [21-25] and agegraphic dark energy models [26-28].
Interaction between components is proved to be other way which can solve coincidence prob-
lem. From observations no piece of evidence has been so far presented against interactions
between dark energy and dark matter. From theoretical side we have not any known sym-
metry which prevents or suppresses a non-minimal coupling between dark energy and dark
matter.
Research in theoretical cosmology proposes two possible ways to explain later time acceler-
ated expansion of the Universe. Remember that field equations make connection between
geometry and matter content of Universe in a simple way. Therefore, there is two possibilities
either we should modify matter content which is coded in energy-stress tensor or we should
modify geometrical part including different functions of Ricci scalar etc. Different type of
couplings between geometry and matter could give desirable effects as well. Recently, several
authors try to make connection between scalar field and other models of dark energy. In
literature, often used idea of fluid despite to other ideas, because over the years we learned
that modifications of geometrical part of field equations can be codded in fluid expression.
Chaplygin gas and its extensions [29-40] are interesting models based of the above idea. This
model is more appropriate choice to have constant negative pressure at low energy density
and high pressure at high energy density.
Among various models of dark energy, a new model is called Veneziano ghost dark energy,
has attracted a lot of interests in recent years [41-47]. Indeed, the contribution of the ghosts
field to the vacuum energy in curved space or time-dependent backgrounds can regarded as
a possible candidate for the dark energy. Veneziano ghost is unphysical in the QFT formu-
lation in Minkowski space-time, but exhibits important non trivial physical effects in the
expanding Universe. In the recent work we considered interacting Ghost dark energy models
with variable G and Λ [48]. Now, we would like to extend this work to the case including
extra dimensions [49, 50, 51]. Extra dimensions introduced some times to obtain unified
theory, for example in the Kaluza-Klein theory to explain the unification of fundamental
force with gravity. The extra dimensions also obtained in superstring theory via mathemat-
ical formulation. In the last decade it was suggested that the extra dimensions may explain
acceleration of the universe. In the Ref. [50] a five dimensional FRW cosmology with static
extra dimension considered and field equations including cosmological constant obtained.
2
2 Models and Field equations
Here we would like to consider a Universe including dark matter and dark energy. In this
work, the dark matter will modeled as a barotropic fluid. Two different models for EoS
parameter of the barotropic fluid will be considered as the following. In the first model we
assume,
ω(t)b = ω0 + ω1t
H˙
H
, (1)
and the second model considered the following EoS parameter,
ω(t)b = ω0 cos(tH) + ω1t
H˙
H
, (2)
where ω0 and ω1 are positive constants.
Dark energy will modeled within a Ghost dark energy with energy density,
ρG = θH, (3)
where θ is a constant. Therefore, the content of the Universe is an effective fluid with
ρ = ρb + ρG and P = Pb + PG, giving EoS parameter as,
ωtot =
Pb + PG
ρb + ρG
. (4)
This paper may be extension of the Ref. [48] to the case of higher dimensional space-time
(opposite of that paper G and Λ are constant). This paper is organized as the following. In
section 2 we recall field equations corresponding to higher dimension FRW Universe. Then
in section 3 we introduce 4 different models and solve field equation numerically to obtain
behavior of cosmological parameters. Finally in section 4 we summarize our results and give
conclusion.
FRW metric with extra dimensions is represented by the following line element,
ds2 = ds2FRW +
d∑
i=1
b(t)2dx2i , (5)
where d is the number of extra dimensions (d = N − 4) and ds2FRW represents the line
element of the FRW metric in four dimensions which is given by,
ds2FRW = −dt
2 + a(t)2
(
dr2 + r2dΩ2
)
, (6)
where dΩ2 = dθ2 + sin2 θdφ2, and a(t) represents the scale factor. The θ and φ parameters
are the usual azimuthal and polar angles of spherical coordinates, with 0 ≤ θ ≤ pi and
0 ≤ φ < 2pi. The coordinates (t, r, θ, φ) are called co-moving coordinates. a(t) and b(t) are
the functions of t alone represents the scale factors of 4-dimensional space time and extra
3
dimensions respectively.
The field equations for the above non-vacuum higher dimensional space-time symmetry are
as the following [49],
3
a˙2
a2
=
d
2
b¨
b
+
d2 − 2d
4
b˙
b2
−
d2
8
b˙2
b2
+ ρ, (7)
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a
+
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a˙
a
b˙
b
+
d2
8
b˙2
b2
−
d
8
b˙2
b2
− P, (8)
and,
b¨
b
+ 3
a˙
a
b˙
b
= −
d
2
b˙2
b2
+
b˙2
b2
−
P
2
. (9)
Energy conservation T ;jij = 0 reads as,
ρ˙+ 3H(ρ+ P ) = 0, (10)
where the Hubble expansion parameter defined as,
H(t) =
1
d+ 3
(3
a˙
a
+ d
b˙
b
). (11)
Well known fact is that the interaction between fluid components splits energy conservation
equation, so we have,
ρ˙de + (d+ 3)H(ρde + Pde) = −Q, (12)
and,
ρ˙dm + (d+ 3)H(ρdm + Pdm) = Q. (13)
3 Numerical results
In this section we provide analysis of the model for a general case. We consider four different
models based on choosing interaction term and EoS parameter. Numerically, we analyze
about some cosmological parameters.
3.1 Model 1
Model 1 will characterize a Universe with interacting dark matter and dark energy, where
dark matter is a barotropic fluid with,
ω(t)b = ω0 + ω1t
H˙
H
, (14)
which already introduced by the equation (1). Interaction Q takes the form,
Q = (3 + d)γHρ, (15)
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Figure 1: Behavior of H , q and ωtot against t (left) and N = ln a (right). Model 1
where γ is interaction coefficient and interpreted as strength of interaction. We expect γ as
small coefficient and exam different values to fix our results with observational data. The
dynamics of the energy density of the barotropic fluid according to (13) can be written as,
ρ˙b + (3 + d)(1− γ + ω0 + ω1t
H˙
H
)Hρb = (3 + d)γHρG. (16)
Concerning to the our assumption about the dark energy using (12) we can obtain the
pressure of dark energy as the following,
PG = −γρb − (1 + γ)θH −
θH˙
(3 + d)H
. (17)
5
Field equations with the last equations will allow us to obtain behavior of H , q and ωtot.
The graphical behavior of Hubble parameter, deceleration parameter and total EoS given in
Fig. 1. We see that Hubble parameter is a decreasing function. Deceleration parameter q
for the Universe of our consideration formally is given as,
q = −1−
H˙
H
, (18)
with H as in (11).
From the Fig. 1 we can see that increasing d decreases value of Hubble expansion pa-
rameter. Therefore, we can see that lower value of d is more agree with current value of
Hubble expansion parameter H ∼ 70 (0.07 in our scale). The second plot of the Fig. 1
represents deceleration parameter which yields to -1 in agreement with ΛCDM model. Also
acceleration to deceleration phase transition illustrated in this figure. Finally the last plot of
the Fig. 1 represent total EoS which is grater than -1 and shows quintessence like behavior
of Universe. Hence, we can tell that the model 1 may agree with current observational data
and will be acceptable.
3.2 Model 2
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Figure 2: Behavior of H against t (up) and N = ln a (down). Model 2
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Figure 3: Behavior of q and ωtot against t (up) and N = ln a (down). Model 2
In the second model of the Universe, dark matter is associated with a barotropic fluid
with the following varying EoS parameter,
ω(t)b = ω0 cos(tH) + ω1t
H˙
H
. (19)
Also, interaction Q takes the form the equation (15).
For the dynamics of energy density ρb we have a following differential equation,
ρ˙b + (3 + d)(1− γ + ω0 cos(tH) + ω1t
H˙
H
)Hρb = (3 + d)γHρG, (20)
which can be integrated easily giving ρb(H). For this model the Hubble parameter H is also
a decreasing function.
From the left plot of the Fig. 2 we see that for the early stages of the evolution with
increasing d we will decrease the value of H , while for later stages of the evolution we see
that with d = 4 the current value of Hubble expansion parameter H ∼ 70 (0.07 in our scale)
recovered. The right plot indicates the behavior of H depends on interaction parameter γ.
With increasing γ we increase the value of H , when θ = 0.65, ω0 = 0.5, ω1 = 0.75 and d = 4.
According to the Fig.(3) deceleration parameter q indicates the possibility to have a Universe
with 3 transitions in q. Starting from the evolution with q < 0 for early stages of evolution,
we have a transition to q > 0 and finally there is a transition to q < 0 at resent stages of
7
evolution. Also, total EoS which is grater than -1 which shows quintessence like behavior of
Universe.
3.3 Model 3
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Figure 4: Behavior of H , q and ωtot against t (left) and N = ln a (right). Model 3
The model 3 assumes the Universe where a dark matter modeled as a barotropic fluid
with ω(t)b given by the equation (19) and ghost dark energy interact with dark matter via,
Q = (3 + d)γH
ρbρG
ρb + ρG
+ (3 + d)βq˙
ρbρG
ρG − ρb
, (21)
8
where q is a deceleration parameter and Q has a term containing time derivative of q. Here,
γ and β are interaction coefficients, both specify interaction rate. Dependence of Q from ρb
and ρG is nonlinear.
Fig. 4 shows that Hubble expansion parameter have similar behavior with the previous mod-
els but with lower value, therefore not recover current observational value of H . Although
changing sign of deceleration parameter and correct interval of total EoS illustrated in the
Fig. 4, but we can not recommend the model 3 as real model of our Universe (because of
Hubble expansion behavior).
3.4 Model 4
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Figure 5: Behavior of H against t (up) and N = ln a (down). Model 4
For the model 4 we use ω(t)b given by the equation (14) and interaction term Q given by
the equation (21). Our numerical results illustrated in the Figs. 5 and 6. In the Fig. 5 we
can see variation of Hubble expansion parameter versus time which shows that is decreasing
function of time and yields to a constant at the late time. Similar to the previous model the
final constant value of H does not match with current value of this parameter. As before we
find that, increasing d decreases value of Hubble expansion parameter. However the right
plot shows that by fixing θ we can recover correct value for H at the present epoch.
Then, Fig. 6 represent time evolution of deceleration parameter and total EoS parameter.
We can see that increasing d increases value of q at the early stage and decreases one at the
9
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Figure 6: Behavior of q and ωtot against t (up) and N = ln a (down). Model 4
late stage. Also acceleration to deceleration phase transition represented. Then, we can see
that total EoS parameter decreased suddenly at the early Universe and then grow up to a
maximum, then decreased to reaches -1 at the late stage.
4 Conclusion
Recently, We studied interacting ghost dark energy models, with variable G and Λ in 4
dimensions [48]. In that paper we obtained ωtot ∼ −0.3. Now, in this paper we considered
interacting ghost dark energy models with barotropic fluid in higher dimensional FRW space-
time and extended Ref. [48] but with constant G and Λ. One of the advantage of our new
study is obtaining ωtot → −1. We considered two different cases of barotropic EoS and two
different cases of interaction terms. Therefore, we studied four different models and analyzed
evolution of Hubble, deceleration and total EoS parameters numerically. We obtained effect
of extra dimensions on these parameters and found that, extra dimensions decrease value
of Hubble expansion parameter but effect of them on the deceleration and EoS parameters
are depend on time. By comparing with observational data we concluded that the first and
second models are more agree with current stage than the other models. Easily we can
extend these models to the case of varying G or Λ to obtain more exact extension of the
Ref. [48]. In fact, when we consider varying G or Λ of our models, can compare our results
in higher dimensions with those obtained in [48] in four dimension.
In this paper, we used two class of interactions of the following general forms,
Q = γHρ, (22)
and
Q = γHρ+ βq˙ρ. (23)
while there are some different choices as [52],
Q ∝ ρ˙, (24)
10
which may be considered in future works. Also it is interesting to apply current observations,
like CMB, BAO, H0, and SNe, to Markov Chain Monte Carlo method to constrain the model
parameters and compare results with our paper.
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